A case of brachial plexus neuropraxia occurring during CT-guided radiofrequency ablation is reported in a patient with a narrow costoclavicular space. We discuss clinical methods of identifying patients with a narrow costoclavicular space who are at risk of position-related injury of the brachial plexus during anaesthesia. Identifying high risk patients and proper positioning during anaesthesia are hallmarks of preventing such injuries.
Introduction
Brachial plexus neuropraxia during anaesthesia has been reported in multiple different surgeries and is caused by the stretching and compression of the plexus secondary to positioning [1] . Anatomical abnormalities of the thoracic outlet with which the plexus runs through as a contributory aggravating cause of such injuries have however been less discussed.
We describe a case of brachial plexus neuropraxia after radiofrequency ablation in a patient with a previously unknown narrow costoclavicular space and discuss ways of examining and identifying patients with thoracic outlet narrowing, which can increase their risk of postoperative neuropraxia.
The patient provided verbal informed consent for print and electronic publication of this case report.
Case Report
The patient is a 54-year-old gentleman, 169 cm 62 kg, with a history of diabetes mellitus, hypertension, hepatitis C complicated with Child's A liver cirrhosis on Peginterferon alfa-2a and ribavirin. He was diagnosed with primary hepatocellular carcinoma in hepatic segment 6/7. The lesion measured 3.1 × 2.6 × 2.7 cm and was indenting the retro hepatic inferior vena cava. He was scheduled for CT-guided radiofrequency ablation of the lesion.
The procedure was done in half left lateral position (body tilted 15 degrees to the left) on a CT table with both arms raised above his head i.e. elbows flexed, shoulders abducted and externally rotated, wrists pronated, and head in a neutral position. This position allows the proceduralist access and avoids CT image degradation from streak artifacts. All pressure points were protected during the procedure. The procedure was done under deep sedation for the first 1.5 hours; with a target controlled infusion of propofol titrated to sedation score. General anaesthesia had to be instituted for the last hour of the procedure as the patient was feeling uncomfortable and found it difficult to cooperate with the proceduralist.
General anaesthesia was conducted with a supraglottic airway, spontaneous ventilation via a total intravenous anaesthesia technique with propofol. The patient remained haemodynamically stable throughout the procedure with no episodes of hypoxia. The entire duration of the procedure was 2.5 hours.
A few hours after the procedure, the patient complained about right upper limb weakness and numbness affecting mainly the C5 and C6 root distributions.
Power (using the Oxford Scale) on shoulder abduction (C5) was 2/5, elbow flexion (C6) was 2/5, elbow extension (C7) was 3/5 and wrist extension (C6) 3+/5. 
Discussion

Anatomy of the Thoracic Outlet
The thoracic outlet is divided by the first rib into two sections. The proximal section of this canal is comprised of the interscalene triangle and the costoclavi- 
Anatomy of the Brachial Plexus
The brachial plexus supplies all the cutaneous innervation of the upper limb except for the axilla and the dorsal scapula area. It also supplies all the motor innervation of the muscles of the upper limb except the trapezius and levator scapula.
The plexus is formed by the anterior rami of the cervical spinal nerves C5, C6, C7 and C8 and the first thoracic spinal nerve, T1. At the base of the neck, the roots of the plexus converge, forming three trunks, superior, middle and inferior. Within the posterior triangle of the neck, each trunk divides into two branches, an anterior and a posterior division. When entering the axilla they combine into three cords, lateral, posterior and medial. In the axilla and the proximal part of the arm, the three cords will split to five branches: radial, median, ulnar, musculocutaneous and axillary.
Mechanism of Injury
The plexus lies relatively superficial during its course down the neck and into the Open Journal of Anesthesiology axilla. It also has 2 fixation points, the vertebra and prevertebral fascia proximally and the axillary fascia distally, thus making it vulnerable to injury from compression, stretching and kinking [4] Nerve injuries can be classified based on the nerve pathology according to Seddon's classification [9] . Of interest to anaesthesia; neurapraxia occurs when there is damaged myelin with an intact axon. Recovery usually occurs in weeks to months and the prognosis is generally good. Axonotmesis occurs when there is axonal disruption but the endoneurium is preserved. The recovery from axonotmesis is variable. In neurotmesis, the nerve is completely transected with complete destruction of the connective tissue support. The prognosis is generally poor [8] .
Other Factors
Apart from anatomical and positional factors, there are also multiple patient and surgical factors associated with peripheral nerve injury occurring with anaesthesia. These include intraoperative hypotension, hypovolemia, hypothermia, pre-existing neuropathy including vitamin B12 deficiency, diabetes mellitus, alcoholism and smoking. Surgical factors include long operative time and type of surgery, especially those where there is possible direct injury to nerves [ 
Prevention
Identifying Patients with a Narrow Thoracic Outlet
Patients Can be identified via a through history and physical examination [2] .
Patients with a narrow thoracic outlet can have symptoms and signs of vascular or neuropathic compromise. Symptoms related to an arterial thoracic outlet syndrome include pallor, coldness and cold intolerance and pain in the hand.
When there is venous compression, patients can complain of pain after excessive activity, edema of the arm and paresthesia in the fingers and hand. Neurogenic symptoms include pain, paresthesia, numbness and weakness. They can also have Raynaud's phenomenon and cold intolerance. Our patient did not complain of any of these symptoms prior to the procedure. Extra caution should be taken if thoracic outlet narrowing is suspected.
Our patient had a narrow costoclavicular space, but this was not recognized prior to the procedure. Provocative clinical testing could have been done for him prior, and might have identified his condition, so that more care could have been taken to prevent the injury. Provocative clinical testing should be routinely done for all patients undergoing procedures in which brachial plexus injuries are possible due to positioning, as described by Jackson and Keats [6] .
Anaesthesia and Positioning
General anaesthesia, as used in our case, as well as the use of muscle relaxants increase the risk of brachial plexus neuropraxia [7] as they prevent the patient from correcting non-physiological positions. If a sedation technique is used, the patient must be instructed to inform the operator if he should have any discomfort in his arm.
Avoiding an arm above head position is useful in reducing stretch on the brachial plexus. For CT-guided ablation, Shankar et al. [7] recommends posi- Intraoperative monitoring with somatic sensory evoked potentials have also been suggested and might be helpful [8] [12].
Management of Brachial Plexus Neuropraxia and Prognosis
In a patient suspected with brachial plexus neuropraxia, a thorough neurological examination should be done. Postoperative paresthesia, pain, numbness and weakness should be treated seriously and promptly. All motor or sensory loss should be documented. There might be a need to exclude stroke or a cervical spine injury especially if there are accompanying lower limb neurological signs. Management of the injury should involve a multidisciplinary team of neurologist, occupational therapist and physiotherapist. A magnetic resonance imaging of the brachial plexus can be done. Nerve conduction studies and electromyography (EMG) [5] may assist in diagnosing brachial plexus neuropraxia, as well as determining its age and severity. Typical EMG denervation changes in the upper limb appear 2 -3 weeks after the injury. Early EMG helps to investigate for a pre-existing neuropathy. Treatment of brachial plexus neuropraxia consists of mainly occupational therapy and physiotherapy. Arm exercises and muscle training can assist in its recovery by keeping the joints supple. Pain is controlled by simple analgesics and antiepileptic agents like gabapentin have been used for related neuropathic pain [8] [13] .
The prognosis of brachial plexus neuropraxia is generally good with most recovering fully by 20 weeks. Ben-David B studied 22 patients with anaesthesia related brachial plexus neuropraxia after heart surgery. There was complete recovery in 68% of patients at a median follow-up of 20 weeks. Patients with diabetes had a higher risk of incomplete recovery [14] .
Conclusion
Brachial plexus neuropraxia during anaesthesia is a thankfully relatively uncommon complication. It is caused by pressure or stretch on the plexus secondary to positioning. When it occurs, it may cause severe debilitation. A narrow costoclavicular space is one of the risk factors for brachial plexus neuropraxia. Screening for this condition and meticulous attention to positioning can help reduce the risk of neuropraxia. Provocative clinical testing, including the elevated arm stress test, the costoclavicular maneuver and upper limb tension testing, can be done to screen for thoracic outlet syndrome. Avoiding a general anaesthesia and an arm above head position can also help reduce the risk of brachial plexus neuropraxia.
